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Introduction
In a zero field optical double resonance (ODR) experiment [l, 21, the magnetic dipole and the electric quadrupole interaction constants (7 and b can be determined without knowledge of the Lande g, factor of the corresponding level, whereas a level crossing (LC) experiment [3-51 only yields the ratios a/gJ and b,g,. Thus by comparing zero field O D R and LC results the g , factor can be evaluated. Earlier investigations of 2P3,2 levels of Cs13, [6, 71 resulted in g , factors slightly deviating from the LS-value often taken for granted. A similar study of the corresponding levels of R b seemed to be of interest. Previously, L C experiments have been performed on 5 and 6p 2P,:2 [8-lo] . In the present LC experiment a higher precision was obtained, and the investigations were extended to 7 and 8p *P, ?.I O D R data exist for 5 , 6, and 7p 2Pp, of both stable rubidium isotopes Rby5 (1=5.'2) and Rbr7 (1=3, '2) [ll-141 . For the present investigaPreliminary results of this experiment were presented at the Third Delivered as RbCl from Oak Ridge National Laboratory, Tenn., USA.
Conference of the E.G.A.S., Reading, July 6-9, 1971. tion isotopically enriched Rb8' was chosen because of its favourable ratio between the hyperfine structure and the natural radiation width, making an accurate g, determination possible. Using the O D R a factor and theg,-independent b,'a ratio obtained in this experiment, the g J factors were calculated from the level crossing positions.
In an O D R experiment on 8 p 2 P 3 , L [15] it \vas possible to measure only one of the three 1F=l zero field transitions. In order to obtain a value for the b factor, an (I factor had to be estimated. From the three level crossing signals obtained in our ~P~P , ,~ LC experiment an n factor as well as a b factor u a s obtained assuming a reasonable g J value.
Compared to the O D R results an improved accuracy for the b factors is obtained in the present LC experiments. For 5 and 7p *P3,>, deviations from the ODR factors were found. With the new b factors an improved agreement between the quadrupole moments as evaluated from the different ?P, levels is obtained for Rbsi [16] .
Experimental set-up and measurements
The energy level diagram for a state in an atom with 1 = 3 ' 2 and b,n=0.14 is represented in Fig. 1 . For R b y 7 the first three A m -2 level crossings, indicated in the Figure, were possible to detect for the first four members of the rip 2P3,2 series.
The apparatus used in the present measursments has been described in detail earlier [17] . We worked tvith sealed-off resonance cells and an rf lamp with a lamp cylinder, sealed off without any inert gas filling. Isotopically enriched RbS' (99.2 ",$ was used, also in the lamp cylinder, as natural rubidium contains only 28"" Rbyi and there is a considerable difference in groundstate hyperfine splittings as well as an isotope shift between Rbsi and Rbs5. The lamp cylinder, heated to about 120'C, was excited in a 5-turn coil of a 100 W push-pull oscillator. In the fluorescent radiation, emitted by the optically excited atoms in the cell, the different * P 3 . , levels were studied by inserting Schott narrowband interference filters in front of the detection photomultiplier. For lock-in detection of the L C signals the external magnetic field u a s modulated at 38 c s. The lock-in output signal was given directly to a strip chart recorder or was fed to an avaraging multichannel analyzer, controlling a repetitive magnetic field sweep. Influences of the earth's magnetic field as well as time constants were eliminated in the usual way. The magnetic field coil systems were calibrated using optical pumping in the ground state of Cs133 or Rb". In order to avoid disturbing effects due to multiple scattering and collision pro- cesses we worked at low resonance cell temperatures-1 5"C, SOT, and 105°C for the 5, 6, and 7p 2P3i2 levels, respectively. At these temperatures the level crossing signals were found to be undisturbed. To obtain a reasonable signal-to-noise ratio in the 8p2Pdln level measurements it was necessary to raise the cell temperature to about 120°C. At this temperature the level crossing signals were found to be slightly pressure broadened as the externalp-electron of the highly excited 2P3,, levels is very sensitive to collisions. Before each run the geometry of the optical system was adjusted to obtain symmetric Hanle signals. In this way a dispersion-type signal contribution due to an optical misalignment was eliminated. In order to check the presence of signal distortions due to the decoupling of the nuclear and electronic angular momenta over the half-width of a level crossing signal, each curve was analyzed with respect to asymmetry. No systematic asymmetries were detected as is to be expected regarding the good inherent resolution for the RbE7 zP3,, level crossing signals. In (20) duced. The corresponding curves for the 5 and 7p levels are almost the same, disregarding the magnetic-field scale, which is proportional to the a factor. In the 8p 2P3i2 measurements the interference filter used to select the 3 349 A line did not quite suppress the 3 587 A line from 7p 2P,,z and thus the first crossing of this level appears strongly between the second and the third 8p level crossings. The 7 p signal could be almost completely suppressed by inserting a NiSOa liquid filter in the exciting light beam. However, under these circumstances the 8p signals were also strongly attenuated, and it proved to be more favourable to fit the overlapping structure to three level crossing signals using a computer program. In Fig. 3 the overlapping crossings are reproduced as obtained after adding up 100 magnetic field sweeps in the multichannel analyzer.
In Table I the result of the position determinations for the different level crossings is given. The position of a single level crossing was obtained from in general about 20 curves taken on several different occasions and with individual magnetic field calibrations. The errors comprise two standard deviations of the statistical data, a 0.01 yo magnetic-field calibration uncertainty, and an estimated uncertainty due to possible residual dispersiontype signal admixtures. In the case of the second and third crossings in the 8p 2P3/2 level the estimated error in the fit of the overlapping signal was added.
Analysis
For the analysis of the experimental data we used a computer program, which for a given set of parameters directly calculates the level crossing positions. As a first step, the g,-independent ratio b/a was determined from the relative positions of the level crossing signals. In Fig. 4 the b/a ratios as obtained from the relative positions of the second and first, and the third and first crossings are given. As can be seen, the internal consistency in the measurements is very good. Using the b/a ratios, and the a factors determined in zero field ODR experiments, b factors and gJ factors were calculated for the first three 'p,/z levels. As shown in Table 11 , an improved accuracy for the 6 and 7p * P Z t 2 level b factors is obtained in the present L C experiment compared to the O D R results (given in parentheses in the Table) . For the 5 and 7p 2P3i2 levels deviations from the O D R b factors are found.
In the gJ determination one value is calculated from each level crossing position. The consistency between these values is very good. The gJ values given in Table I1 are the weighted averages of the g J factors from the three crossings in each level. Theerror in gJ is determined by the uncertainty in the position of the level crossings and by the uncertainty in the O D R a factor. For 5p *P3,, the contributions to the error from the LC and O D R results are of the same size, whereas in 6 and 7p zP3,, the dominating contribution is due to the O D R data.
From the half-widths of the level crossing signals the natural radiative lifetimes of the 5 , 6, and 7p ,P3/, levels were determined. tn the experiments the magnetic-field modulation amplitude was kept low so that the signal broadening could be accurately estimated. At the low cell temperatures used in the experiment, the lifetime determination was found to be unaffected by multiple scattering. The lifetime results are included in Table 11 .
As no a factor for 8p 2P3:, is available from O D R measurements, no g , factor can be evaluated from the L C results. In this case we use our L C information to obtain the a factor of the level assuming g J --1.336(2). In the same way as for the other levels,
1
, I1 I 0 135 7 i ' 5 p 'P"/z 6 p 2P3t2 7p *P";z 8p 'P"/z the b factor is calculated using the b a ratio, determined from the relative positions of the crossings, and the experimental a factor. We obtain a b factor considerably more accurate than the O D R value. Because the signals mere slightly broadened by collisions at the relatively high vapour pressure necessary for the 8p ,P, level measurements, no natural lifetime could be determined.
Discussion

The Land; g , factors
As in the case of the 7 and 8p levels of C S '~~ studied earlier [6, 71, the numerical values of the g, factors in the 5 and 7p 2P, levels of Rb8', calculated in the present work, are found to be slightly higher than the U-value. The correction to the gJ factors due to relativistic and diamagnetic effects is estimated to be less than one part in lo6 [18] and cannot explain the observed deviations, which are of the order of 0.1 %. Apparently, configuration interaction is responsible for the deviation. In Table I11 a comparison is made between the present gJ values and results from other measurements.
Natural lifetimes
The natural lifetimes of the 5, 6, and 7p 2 P 3 8 , levels, measured in the present work, are compared in Table IV with results obtained in other experiments. Theoretical values obtained by Heavens [22] using the Coulomb approximation are also given. Generally the agreement betaeen the present results and the earlier ones is reasonably good. It is noted that the Coulomb approximation yields lifetimes which in all levels differ less than four per cent from the values obtained in the present work.
Eualuation of the quadrupole moinerit
In the calculation of the nuclear quadrupole moment of Rbs' from the measured 2P level coupling constants, certain perturbations to the simple interaction between the nucleus and a pure p-state electron have to be considered [27]. (10) 1. The spin-orbit interaction will for the heavy alkali metals Rb and Cs mix the p-wave-functions with different principal quantum number n. This will disturb the hyperfine coupling constants as well as the fine structure splitting of the individual levels, characterized by n. This type of configuration mixing can be estimated using a method given by Fermi [28] . The a and b factors of the Rb 2P31z states are found to be changed only by a few per cent and the ratio b/a is not affected. For a calculation of the quadrupole moment, which is essentially proportional to this ratio, this type of perturbation can be neglected.
2. The exchange forces between the valence p-electron and the core s-electrons will cause an unbalance in the closed shells, resulting in a core polarization contribution a, to the magnetic dipole interaction. In a simplified picture, the core polarization contribution can be shown to be of the same size and of opposite sign in the 'P3,Z and the 2Pl,z levels. The corrected a factors, a312 torr and al12 torr, referring to the p-electron alone, can then be calculated [16, 271 using the formulas t. a312corr = a 3 1 2 -a, Fr(1/2)=(1.i 166), Fr(3/2) = cl!$!$, (according to Lindgren and Rostn, and Kopfermann, respectively) Here, Fr(l /2) and Fr(3/2) are relativistic correction factors. These factors have been calculated by Lindgren and RosCn [29] , using various relativistic and non-relativistic self-consistent-field methods.
The correction factors are found to be insensitive to the particular type of method used in the calculation and, furthermore, to be almost independent of the principal quantum number n. The results deviate significantly from the factors tabulated by Kopfermann [30] , which are frequently used for this purpose. 3. Core polarization effects also occur in the electric quadrupole interaction. The nuclear quadrupole moment will induce a quadrupole moment in the electron core and the p-electron in a J = 3/2 state will experience the nuclear quadrupole moment enhanced by a certain factor (1 -R) due to the induced moment. Sternheimer has performed calculations which include this type of core polarization [31] .
zu Putlitz and Feiertag have made a thorough study of core polarization effects in 2P levels of RbS5 and RbS7 [16, 201. Their analysis is based on coupling constants determined in double resonance experiments and the relativistic correction factors given by Kopfermann. In the present work we combine optical double resonance data for the a factors with the b factors obtained in our LC experiments and use the new relativistic correction factors of Lindgren and Rosen.
The experimental a factors for 5 , 6, 7, and 8p 2P3tz are given in Table V .' Using Equation (11, asizcorr, corrected for the magnetic core polarization a,, and the ratios ac/a31z are calculated. In parentheses, the values obtained using the correction factors of Kopfermann are given. For the 8p level, asiZcorr was calculated using the mean value of ac/a3/2 for 5, 6, and 7p [27] Ref. [32] . In this work the a factor of the 5pzP,,, level in Rbs6 was measured. The corresponding factor for Rbs7 is calculated using the gl-ratio given in Ref. 1331 . * Ref. [20] . . In both works a simple spin-orbit interaction of the type ((l,lr)(dVidr)) was assumed. The fine structure values for Z,= 34.5 are given in the Table. The values deduced from the hyperfine structure and the fine structure agree better after correcting for core polarization. It should be noted, that two-particle effects in the fine structure, not taken into account in the present calculations, may be important [35] .
Physica Scripta 4
In Table VI1 the averages of the values in the two last columns of Table VI Although the accuracy of the measured b factors is better than 0.5 per cent in the 5, 6, and 7p 2P,3, levels, and in spite of the good agreement betlveen the results for the different 2P,,, levels, the uncertainty in the quadrupole moment for RbS7 is considerable. Estimating the uncertainties in the ( a i / r 3 ) determination and in the Sternheimer correction factors to be each 50; we obtain Q (Rba')= -0.132(9) barn.
